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EXECUTIVE SUMMARY

Currently, California Portland Cement Company (CRCS the only company in the
SCAQMD that manufactures Gray Portland Cement (e¢meThe company is located in
Colton, in San Bernardino County. Cement is us@aigrily as a construction material in
the industrial sector due to the strength and dlitsabf the product. It is currently being
manufactured in two kilns at Colton, Kiln #1 andrkK#2. The production process results in
a variety of kiln emissions including CO and NOKPCC has come up with an emissions
control strategy for mitigating NOx. The procesgadlves injection of used tires into the kiln
which lowers the oxygen concentration while mamtag the kiln combustion dynamics.
While the process modifications at CPCC have haereeficial impact in reducing overall
CO emissions as well, it does occasionally resulincreased CO formation over brief
periods of time, exceeding the Rule 407 CO emissionit of 2,000 ppm averaged over 15
consecutive minutes. The purpose of the propagecamendment is to acknowledge the air
quality benefit by CPCC reducing NOx emissions asthblish an alternative emission limit
for cement kilns by extending the averaging timeqakfor kiln CO emissions and an annual
mass CO emissions limit that ensures air qualapddrds and local ambient air quality are
not compromised. The reduction of NOx emissiores psiority since it is a precursor of both
PM10 and ozone. There have been no violation$@fGO standard in the AQMD since
2002 and prior to that only a small upwind portafrsouth Los Angeles County, far from the
facility in San Bernardino County, periodically @eted the CO standard. The region has
recently been redesignated as attainment for therdé ambient CO standard by U.S. EPA.
Also CO concentrations are localized near the safemissions and do not have regional
impacts as do some air contaminants. Converdadyatea surrounding CPCC is in non-
attainment for both ozone and PM10. Staff propdbas Rule 1112.1 which specifically
regulates cement kilns be amended to include arnalive CO standard of 2,000 ppm
averaged over 3 hours and an annual mass emiggiaction of CO from a 2003 baseline.
Air quality modeling at CPCC indicates that ambi@@ levels will not adversely affected
by the alternative kiln standard.

BACKGROUND

Purpose

CPCC is currently the only facility manufacturingneent in the SCAQMD. The facility is a
RECLAIM source and has undertaken a program tocediOx from two on-site kilns. The
process involves injection of used tires into teenent kiln. A consequence of this strategy
is an increase in CO emissions over very briefqoks;i exceeding the current Rule 407(a)(1)
CO threshold which reads:

“(a) A person shall not discharge into the atmesptlrom any equipment :
(1) Carbon monoxide (CO) exceeding 2,000 ppmdiyme measured on a
dry basis, averaged over 15 consecutive minutes.”
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In support of the NOx reduction strategy CPCC hsleed the District for assistance in
structuring a compliance strategy for CO specibiccement kiln operations. Staff has
examined an array of options including a combimatiblowering the emissions threshold in
conjunction with an increased averaging periodaff3s recommending amendments that
will not cause or contribute to exceedences ofeeithe one or eight hour state standards for
CO and are not projected to have a significant chma local ambient air quality. In
addition the standard, compliance procedures, astl methods for CO will be more
precisely defined. The reduction of NOx is empbegiover CO as NOx is a precursor to
both ozone and PM10. Figures 1 through 4 shoveiisii ambient air quality within the
SCAQMD for ozone, PM10 and PM2.5, respectively.

Figure 1. Number of days the 1-hour federal OZGi#adard (> 0.12 ppm) was exceeded
in 2005
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Figure 2. Number of days the 8-hour federal OZGi#adard (> 0.08 ppm) was exceeded

in 2005
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Figure 3. 2005 PM10 Annual Arithmetic Meam(m’) compared to 50 po/fhiederal
standard
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Figure 4. 2005 PM2.5 Annual Arithmetic Mearg(m®) compared to 15 pgfhfederal
standard
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Exceedences for ozone, PM10 and PM2.5 were recatedighout the basin with the
highest concentrations occurring in the genera avbere the CPCC facility is located (as

indicated by the symbadX). In contrast, the localized exceedance of CO Hist®rically
been confined to a limited area in south Los ArgeBounty. In 2005, for the third
consecutive year since 2003, no areas in the Basiaeded the CO air quality standards.
The Basin has been officially designated as bewrattainment with federal CO standards by
U.S. EPA. The highest concentrations of CO comtihto be recorded in the areas of Los
Angeles County where vehicular traffic is most dengith the highest concentration
continuing to be south central Los Angeles coufatlyppwind of CPCC. The highest 8-hour
average CO concentration recorded for 2005 wap®, in the South Central Los Angeles
County area, and was 62% of the federal CO standard

In contrast, for 2005 the Basin exceeded federdl siate standards for ozone, PM10 and
PM2.5. For ozone, the maximum 1-hour average @@d#n) and maximum 8-hour average

(0.145 ppm) concentrations were both recordedercéntral San Bernardino Mountains area
to the north-east of CPCC and were 146% and 171%eofederal standard, respectively.

The Central San Bernardino Mountains area recatfieegreatest number of excedences (80
days) of both the state and federal 1-hour (18 )daysl 8-hour (69 days) standards in

addition to 7 days for the health advisory leveg(ffes 1 and 2).

For PM10, the maximum annual average concentrafith pg/m®) occurred in the
Metropolitan Riverside County area, in the geneiahity of CPCC (Figure 3). For PM2.5
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the maximum 24-hour average (132yfg/m®) and annual average (21.Qg/m°)
concentrations were recorded in the East San GaWdalley area and the Metropolitan
Riverside County area, both in the general viciotyCPCC, and were 203% and 139% of
the federal standard, respectively. Figure 4 shbe<2005 PM2.5 Annual Arithmetic Mean
concentration as compared to 15 pfeteral standard.

Furthermore, about 13% (154 tons/day) of the tatedual total NOx inventory in the Basin
is from stationary sources in contrast to only 1.499 tons/day) from CO. The data
indicates that efforts to mitigate ozone, PM10 BMR.5, by controlling NOx and particulate
emissions, remain the highest priority at CPCC..

Portland Cement Manufacturing

The name Portland Cement (cement) refers to a gsdbat was patented in 1824 and is not
associated with any particular location or persorhe process of manufacturing cement
begins with the quarrying of “Raw Mix” which is gteminantly limestone rock. Raw Mix is
then refined through a series of mechanical grigp@nd crushing operations which not only
segregate but significantly reduce the diametethefcomponent quarried materials. The
segregated materials as well as other materialaghtoto the facility and used in the
manufacturing process are stored in silo bins.mHAnere, limestone, shale, iron ore and silica
in proprietary proportions, or kiln mix, are pneuroally feed into the feed end of each kiln.
It takes approximately 1.56 parts of this kiln faednanufacture 1 part of Portland cement.
Each kiln is basically a huge rotating cylinderelinwith refractory fire brick that is several
hundred feet long. A slight incline from the hanieal causes the spinning material in the
kiln to travel down the length of the kiln from tiieed end to the discharge end. A large
burner located at the discharge end of the kikesfithe transitory kiln feed. Reaction zones
are established towards the center and in towaefidrizontal axis of the kiln as the feed
mix is oxidized and the resulting reactions prodaceintermediate product called clinker
that is collected at the discharge end. Clinkex sarder material than any of the quarried
rock that comprises the feed mix. In the finalg#ahe clinker is milled and packaged with
gypsum to produce cement. Cement when mixed icahect proportion with water sets to
form concrete.

Carbon Monoxide Formation in Cement Kilns

Quarried limestone is not a homogenous materialsbetmposed mostly of limestone which
is also the principle ingredient for manufacturiogment. Limestone is predominantly
Calcium Carbonate (CaCO3). The production of ceémavolves chemical reactions in
which the feed mix in the kiln is heated to higimperatures and oxidation of the feed mix
occurs. The oxidation of carbon compounds resaoltthe formation of carbon monoxide
(CO) and carbon dioxide (G Both are present to an extent in the kiln dyralinker
production. In the kiln, two factors influence tpeoportions of CO to C©O First, the
amount of oxygen present and second, the temperattthe reaction zone of the kiln. In
general, the more oxygen available the more camonoxide is reduced to carbon dioxide.
Figure 8 shows that higher kiln temperatures tenddrease the oxidation of CO to €0
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Figure 8. Increasing Rate Constant for Oxidation 6CO with Temperature
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The production of cement also results in oxidesnafogen (NOx) emissions. NOXx
emissions from kiln reactions are a byproduct afgigir to feed the kiln, the fuel used, and
the nature of the combustion process. Both NOx @@dresult from the chemistry and
temperature environment that occurs in the kilncess. The problem is that conditions
favoring mitigation of NOx, namely limiting the pmence of air and reducing peak
combustion temperatures lead to increased CO amsssiParadoxically, the converse also
holds and the presence of excess air (or oxygeshhagher kiln temperatures increases the
proportion of kiln NOx emissions. The tire injexti NOx control strategy developed
specifically for CPCC minimizes the presence ofvaiile maintaining kiln temperatures by
providing a packet of energy when the tire is bdrirethe kiln in an exothermic reaction.
CO spiking can be mitigated with this approach.eréhare also practical limitations on the
amount of excess air that could be introduced tinéokiln process to address CO emissions.
Too much air would be inefficient both in termstbe extra energy needed to drive the
increased volume flow through the kiln and alsoaose of the increased fuel needed to
maintain optimal kiln temperatures.
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TIME AVERAGING PERIOD MODELING FOR CPCC

Specific Factors

Both Kiln #1 and Kiln #2 are analogous to extremahlynense crucibles where a myriad of
chemical reactions are continuously taking plade.addition, because of the design and
enormous dimensions of each kiln, different reaxgiare taking place at the same time in
different areas or zones of the kiln. Kiln feedmgmsition and temperature can vary
unpredictably within the kilns. Temperature whideding to increase towards the core of
the kiln does so in a non-uniform manner. Thealality in kiln feed mix composition and
temperatures necessitate continuous oversight.auecof the proportions of each kiln,
much can happen in the formation process of Clifikeen the time feed mix enters the kiln
at the feed end till it exits the kiln at the diaoe end as Clinker.

A kiln operator monitors the kiln processes in res@e from a remote location and makes
adjustments to burner flame temperature and ther oaction variables as necessary. Even
though the process is monitored in real time, ffeceof any operator action can take up to
twenty minutes to take place in the kiln. Variasoin temperature and kiln feed mix
composition sometimes lead to the formation of bddms” and “fronts”. A dam is formed
when molten feed mix cools enough to solidify, trepa dam like barrier behind which
molten feed mix accumulates. In order to re-eghlihe flow of kiln feed material towards
the discharge end of the kiln the operator musegsly increase temperatures in the kiln.
Even measured corrections deviate from anticipatetcomes because of the size,
complexity and uncertainty of kiln operations. rilnating a dam by increasing kiln
temperatures may release an accumulation of ligdd&ed mix from behind the dam. This
can rush towards the discharge end creating a tromtave. A front results in the reacting
kiln mixture moving faster than the desired res@etime for an optimal reaction. Waves
and fronts are a major concern in stabilizing kdactions. The experienced operators job is
more anticipating how the kiln will be reacting sertime in the future, in real time, and
working to maintain optimal kiln conditions. In eirical observations made during site
visits to CPCC and in discussions with operatiomadl management staff the following
factors were found to affect CO emissions fromsiln

1. The non-homogenous chemical composition of rawanc hence the feed mix,
2. The varying temperatures in various reaction zovigsn the kilns,
3. The heterogeneous chemical composition of tired irséhe injection system, and

4. The uncertain distribution of reaction zones wittiia kilns leading to the formation
of “dams” and “fronts”.

While each kiln normally operates within a knowmga of settings, uncertainty about the
above factors results in uncertainty about CO domnss
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Historical Data and Analysis

Raw data provided by CPCC is in the form of timeraged data from continuous emissions
monitors operating on both Kiln #1 and Kiln #2, excel file format (the CO monitors
operated by CPCC have not been certified by the @@B). Over two years of
representative data, from 2005 through to early72@@as used for modeling of kiln CO
emissions. Since the data is in the form of aateal time observations of both kilns under
operating parameters, the observations were modededy various rolling average time
periods. Each rolling average time period was agpmtative of a target time averaging
period for CO emissions concentrations measurgxbin corrected to 3% £on a dry basis.
Data and the resultant analysis provided by CPCiZates that CPCC will most likely not
exceed the 2,000 ppm CO emissions threshold ceddot 3% Q with a proposed revised
time averaging period of 3 hours. The data andiltes® time emissions period is
summarized in the following table:

Table 1. Data and Resultant Time Averaging Peioodiln Observations

Statistic Kiln #1 Kiln #2
Observations/Data Points 17,985 17,986
Observation period 1/1/2005 — 2/1/2007  1/1/20081+2P07
Maximum observation (ppm CO) 2,291 2,354
Proposed time averaging period (hours)* 3 3

*averaged CO concentration not to exceed 2,000 gpmected to 3% & on a dry basis

Data provided by CPCC also shows a general deciaaseass CO emissions for the past

four years as shown below:

Table 2. Annual Mass Emissions (tons/year)

Year Kiln #1 Kiln #1 Reduction** Kiln #2 Kiln #2 Re duction**
2003 5,114 - 4,226 -

2004 3,126 39% 3,037 28%
2005 1,100 79% 1,132 73%
2006 1,005 80% 1,269 73%

**the % reduction in kiln emissions form the basayin 2003 (rounded to nearest 1%)

Based on the above trend and continued future niaryddOx reductions, staff also
recommends that the annual combined total of alle@@ssions from both kilns be limited to
no more than 50% per calendar year of the combwtati2003 baseline CO emissions from
both kilns.

SOCIO-ECONOMIC ISSUES

CPCC will not be required to implement any operadiacchanges at their Colton facility. As
such the proposed amendment will have no antidpsdeio-economic impacts.
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PROPOSED AMENDMENT

Staff is recommending that Rule 1112.1 be amendeddude CO limits as well as the
current particulate limits. For CO two alternativere offered; comply with the current limit
of Rule 407(a)(1) or as an alternative comply vatimew proposed standard of 2,000 ppm
concentration limit averaged over 3 hours plus ahi@O emissions from a kiln cannot
exceed 50% of the baseline 2003 CO emission.

Proposed amendments also include text on updatimplcance procedures and test methods
to conform with the certification requirements afl&218.

CONCLUSION

This study has used large amounts of data and usamoethods of analysis in order to
estimate a time period during which the averagek@®emissions will be unlikely to ever
exceed specific threshold values corrected to 3%gex concentration on a dry volume
basis. Analysis of historical data indicates timatst exceedences are short in duration. No
more than 30 minutes is usually required to ave®60 ppm or less, however there are
rare excursions as above 2,300 ppm. Since theagiwgr period needed to remain in
compliance has generally dropped with time, somehef longer compliance averaging
periods required, especially in earlier years cduddattributed to breakdowns, repair and
testing, equipment replacement and/or new openagxperience as potential reasons. Data
and analysis of almost 18,000 data points indicttaésCO compliance can be achieved with
a time averaging period of 3 hours at 2,000 ppmirected to 3% O2, on a dry basis.
Ambient air quality monitoring indicates no negatiocalized impacts. The alternative CO
standard will ensure that the more problematic M@a PM10 emissions will continue to be
mitigated.



